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ABSTRACT 

We calculate the contribution of second generation scalar leptoquarks to the 
anomalous magnetic moment of the muon (AMMM). In the near future, E-821 at 
Brookhaven will reduce the experimental error on this parameter to < 4 x 

an improvement of 20 over its current value. With this new experimental 
limit we obtain a lower mass limit of > 186 GeV for the second generation 
scalar leptoquark, when its Yukawa-like coupling A,j>^ to quarks and leptons is taken 
to be of the order of the electroweak coupling § 2 - 
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Recently there has been a lot of interest in leptoqnarks theoretically [1-4] as 
well as experimentally [5-8] (and references within). Leptoqnarks are qnite common 
in extensions of the Standard Model. They are SU{3)c triplets and can occnr as 
vectors or scalars. Since vector qnarks are of more difficnlt natnre in a low-energy 
theory we restrict onrselves in this Brief Report to scalar leptoqnarks, which are 
SU{2) donblets. 

There exist already severe constraints on the characteristics of leptoqnarks. 
Flavonr changing nentral cnrrent (FCNC) forces the leptoqnarks to be flavonr di¬ 
agonal; that is we have to snppose that they conple to only a single generation of 
leptons and qnarks [9]. On the other hand from psendoscalar mesons (tt, K and D) 
leptonic decays we also have to conclnde that leptoqnarks conple only chirally; that 
is they conple either to left-handed or to right handed qnarks only, bnt not to both 
at the same time [10]. 

The most stringent lower mass bonnd for the hrst generation leptoqnarks is 
given by HERA experiments [8] > 145 GeV, where the Ynkawa-like conpling of 

the leptoqnarks to electrons and np qnarks was snpposed to be of electromagnetic 
strength A<i>^ = e. In a recent report the CDF collaboration [7 the latter] presented 
for the second generation a lower mass bonnd of > 135 GeV if the branching 
ratio into mnon and qnark is taken to be 100% and > 95 GeV for a branching 
ratio of 50%*. In [4] the anthors obtain via the leptonic partial widths of the Z 
boson a lower mass limit of abont 680 GeV for a left-type leptoqnark and of abont 
280 GeV for a right-type leptoqnarks when the top mass is taken to be 180 GeV. 

In this Brief Report we consider the contribntion of second generation scalar lep¬ 
toqnarks to the AMMM. The QED contribntion has been calcnlated to eighth order 
and estimated to tenth order [12]. The Standard Model contribntions to the AMMM 
are also very well know: the W-boson contribntion is the most important {Aa^ ~ 
40 X 10“^^), the Z contribntion interferes destrnctively (Aa^ ~ —20 x 10“^®), and 
a heavy nentral Higgs contribntion is totally neghgible[13]. The charged Higgs con¬ 
tribntion is also very small for a mass of a few GeV’s or more [14], while the snper- 
symmetric contribntions can be large in certain mass domains [15]. Recently, two 
gronps have performed 2-loop calcnlations in the context of the SM: the anthors 
fonnd that those contribntions can be as large as 10%-12% of the 1-loop SM contri¬ 
bntion [16]. In the near fntnre, E-821 at Brookhaven will rednce the experimental 
error on the AMMM by a factor of 20 [17] thns leading to an experimental error of 
< 4 X 10“^®. The main goal is to see the weak contribntions bnt it is clear 
that snch a measnrement will lead to severe constraints for models beyond the SM. 

The diagrams leading to the AMMM are given in Fig.l and the Lagrangian that 
describes the conpling of the leptoqnarks to photon and to the strange qnark and 
mnon is given by [4,18] 

C = +ee|^ {ki + k2r^[^LA^ + X<,,ll[glPL + Q^PrIq^ (1) 


* In a recent report the DO obtains m<j)^ >111 GeV for a branching ratio of 100% 
and > 89 GeV for a branching ratio of 50% [11] 
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with e|,^ = —2/3,—5/3 if q = s,c respectevely. The chiral coupling of the lepto- 
quarks forces us to consider = 1, = 0 (left-type leptoquark) or g^ = 0, g'^ = 1 

(right-type leptoquark). The calculation of the hrst and second diagram shown in 
Fig.l and the last two self energy diagrams lead to the following results: 
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with Cq — —1/3,-1-2/3 for q = s,u respectively and a = L,R. q^ = {j>\ — P 2 Y — 0 
for a real photon. After the summation of all diagrams the divergencies cancel out. 
To obtain the AMMM we have to make use of gauge invariance q^e*^ = 0 that is 
PiC*^ = P 2 ^*^, of the Dirac equation Up^Pi,'i> 2 Up^ = mp^Up^PRUp^ {up^PL^iUp^ = 
rripUp^PLUp^) and perform a Gordon decomposition 2up^p^Up^ = Up^iio'puq'^ + 
2 m^ 7 ^)'Upj. As a hnite result we obtain a term proportional to the 7 ^ term, which 
has to be renormalised by adding a counter term [4] and a term proportional to 
ap^q'^ from which the AMMM can be extracted by Vp = 

After some calculation the contribution of the second generation scalar leptoquark 
to the AMMM is given by 
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Eq.(3) is exact while the last result makes use of 3> m^, m^. As a result 
we have that for q = s the hrst order in the expansion of l/m|, is identical to 0 
(e|>^ — 2es = 0), whereas for q = c we have e|>^ — 2ec = —3. Parametrizing the 
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Yuakawa-like leptoquark coupling with electoweak strength = g^k {k = 1 — 10) 
[4] we have |Aa^^| = 1.38 x 10“^A:(GeV/m$^)^ when the charm quark is taken 
within the loop. Combining this result with the expected experimental error on 
the AMMM = 4 x 10“^®) we obtain a lower mass limit of a second genera¬ 

tion scalar lepton quark (left-type or right-type) of > 186 GeV for /c = 1 and 
> 588 GeV for k = 10. These bounds compare very well with direct searches 
at current accelerators. 
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FIGURE CAPTIONS 

Fig.l The pengnin and self energy diagrams with the second generation scalar lepton- 
qnark and qnarks contribnting to the AMMM. The q within the loop denotes 
an np or strange qnark, whereas the q at the photon denotes its momenta 
q = Pi -P2- 
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